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RESUMEN
Como parte de un estudio más amplio para el tratamiento 
de aguas residuales mediante un biofiltro, se ha examinado 
la biosorción de iones Pb2+ por células vivas y muertas de 
Penicillium sp. aislado de un suelo contaminado por metales 
pesados en Tánger (Marruecos). La localización del plomo 
acumulado en las células se realizó mediante microscopía 
electrónica de transmisión (TEM) y espectroscopía disper-
siva de rayos X, lo que permitió proponer un mecanismo 
para la biosorción. Además, se ha determinado la capacidad 
máxima de adsorción para diferentes valores iniciales del pH 
y diferentes concentraciones iniciales de Pb2+ aplicando los 
modelos de isoterma de Langmuir, Freundlich y Langmuir-
Freundlich. La capacidad de biosorción de Penicillium sp. 
resultó ser dependiente del pH; la máxima capacidad de ad-
sorción (qmax) de Pb2+ sobre biomasa seca y húmeda de 
Penicillium sp. fue de 60,76 y 52,09 mg g-1, respectivamente, 
a pH inicial 5,5. De los modelos ensayados, el de Langmuir-
Freundlich es el que mejor describe los resultados experi-
mentales. Se han localizado los puntos en los que los iones 
de plomo se unen a las células y se ha calculado la capaci-
dad de adsorción de Penicillium sp. Los resultados apoyan 
el potencial de este microorganismo para la eliminación de 
plomo de las aguas contaminadas.
Palabras clave: Isoterma de adsorción, Bioacumulación, 
Biosorción, Plomo, Penicillium sp.
SUMMARY
As a part of a broader study aimed at developing a biosys-
tem for wastewater treatment, Penicillium sp., isolated from 
a heavy metals contaminated soil in Tangier (Morocco), was 
used to assess the biosorption of Pb2+ ions onto both dead 
and alive cells. The cellular location of the accumulated lead 
was investigated by transmission electron microscopy (TEM) 
and energy dispersive X-ray spectroscopy (EDX), allowing a 
sorption mechanism to be proposed. Moreover, the maxi-
mum absorption capacity of lead ions was determined for 
several initial pH and Pb2+ concentrations following Langmuir, 
Freundlich and Langmuir-Freundlich isotherm models. The 
biosorption capacity of Penicillium sp. showed a pH-depen-
dent profile; maximum adsorption capacity (qmax) of Pb
2+ onto 
wet and dry Penicillium sp. biomass was 60.76 and 52.09 
mg g-1, respectively, at 5.5 initial pH, the process being more 
accurately described by the Langmuir-Freundlich model. Cell 
bounding places of lead ions were evidenced and the ad-
sorption capacity of Penicillium sp. was calculated. These 
results support the potential utility of this microorganism for 
lead removal from contaminated water.
Keywords: Adsorption Isotherms, Lead bioaccumulation, 
Lead biosorption, Penicillium sp.
RESUM
Com a part d’un estudi més ampli per al tractament d’aigües 
residuals mitjançant un biofiltre, s’examina la biosorció d’ions 
Pb2+ per cèl·lules vives i mortes de Penicillium sp. aïllat d’un 
sòl contaminat per metalls pesants a Tànger (Marroc). La 
localització del plomo acumulat en les cèl·lules es realitza 
mitjançant microscòpia electrònica de transmissió (TEM) i 
espectroscòpia dispersiva de raigs X, el que permet propo-
sar un mecanisme per a la biosorció. A més, es determina 
la capacitat màxima d’adsorció per a diferents valors inicials 
del pH i diferents concentracions inicials de Pb2+ aplicant 
els models d’isoterma de Langmuir, Freundlich i Langmuir-
Freundlich. La capacitat de biosorció de Penicillium sp. re-
sulta ser depenent del pH; la màxima capacitat de adsorció 
(qmax) de Pb
2+ sobre biomassa seca i humida de Penicillium 
sp. és de 60,76 i 52,09 mg g-1, respectivament, a pH inicial 
5,5. Dels models assajats, el de Langmuir-Freundlich és el 
que millor descriu els resultats experimentals. Es localitzen 
els punts en els que els ions de plom s’uneixen a les cèl·lules 
i es calcula la capacitat d’adsorció de Penicillium sp. Els re-
sultats recolzen el potencial d’aquest microorganisme per a 
l’eliminació de plom de les aigües contaminades. 
Mots clau: Isoterma d’adsorció, Bioacumulació, Biosorció, 
Plom, Penicillium sp.
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INTRODUCTION
The use of microoganisms for the removal and the recovery 
of heavy metals from contaminated wastewaters is of spe-
cial concern. The major application of biological materials 
is based on their ability to accumulate heavy metals even 
in very low concentration(1). Various biomaterials have been 
examined for their biosorptive properties and different types 
of biomass have shown high level of metal uptake(2-6). Among 
the promising types of biosorbent studied, fungal biomass 
seems to be a good sorption material. Both living and dead 
fungal biomass may be utilized in biosorptive processes as 
it often exhibits marked tolerance towards metals and other 
adverse conditions(7). 
Lead, one of the most widely used heavy metals, is mainly 
employed in electric battery manufacturing, paint, lead smel-
ting, internal combusting engines, fuelled aeronautical engi-
nes and explosive manufacturing. Lead is highly toxic and 
its presence at high concentration causes adverse health 
effect such as encephalopathy, hepatitis and nephritic syn-
drome(8). Therefore, the present investigation was undertaken 
to study the potential biotechnological use of Penicillium sp. 
to remove lead ions from contaminated water. As a first step 
to develop an efficient system for treating heavy metals was-
tewater issued from an industrial area in Tangier (Morocco), 
the influence of pH and initial ion concentration on lead ions 
uptake by wet and dry Penicillium sp. biomass were studied. 
The Langmuir, Freundlich and Langmuir-Freundlich models 
were applied to the experimental data and the mechanism 
and the kinetics of the heavy metal binding were determined. 
The distribution of Pb within and on the cell wall of Penici-
llium sp. has also been probed using transmission electron 
microscopy (TEM) and energy dispersive X-ray spectroscopy 
(EDS).
MATERIALS AND METHODS
Microorganism and biomass preparation
The fungal strain used in this study was Penicillium sp., iso-
lated from industrially polluted soil receiving for a long time 
large quantities of heavy metals and other polluants emitted 
by industrial effluents (Tangier-Morocco). It was maintained 
on potato dextrose agar (PDA) plates at 4 °C with routine 
transfer in cycle of one month. Penicillium was selected by its 
high tolerance to heavy metals, after a screening study which 
included thirty-six micro-organisms isolated from heavy me-
tal contaminated sites in Tangier, Morocco(9).
Two types of Penicillium sp. biomass were prepared: dry and 
wet biomass. For this purpose, cells of Penicillium sp. were 
aerobically cultivated at pH 4.5, on a rotary shaker incubator 
(150 rpm) at 30 °C, in 500 mL YPG medium (yeast peptone 
glucose), i.e., yeast extract (3 g L-1), peptone (10 g L-1) and 
glucose (20 g L-1). After 3 days incubation, biomass was har-
vested by filtration through a 150 µm sieve membrane and 
the biomass collected was washed several times with gene-
rous amounts of distilled water to remove the residual growth 
medium. 
Both wet biomass (collected directly without any treatment) 
and dry biomass (obtained from wet biomass dried at 70 °C 
for 24 h then ground in mortar and pestle) were prepared for 
subsequent experiments. Washed biomass was used imme-
diately after preparation. Dry biomass was stored at room 
temperature in polyethylene tubes in a vacuum desiccator 
until use. 
Effect of initial lead concentration
Lead solutions were prepared in distilled water from Lead Ni-
trate (Pb (NO3)2). The pH of the metal solutions was adjusted 
to the desired values using NaOH (0.1 M) and HNO3 (0.1 M). 
The effect of the initial lead ion concentration on biosorption 
was carried out at initial Pb2+ ions concentrations of 25, 50, 
75, 100, 150 and 200 mg L-1, under pH 5.5 and 30 °C tempe-
rature, and 1 g L-1 fungal biomass concentration. At 24 hours 
incubation, samples were collected and immediately filtered 
through a 0.45 µm Millipore filter. The filtrates were analyzed 
for the residual metal ions concentration. All the experiments 
were performed in triplicate; mean values and standard de-
viations are reported.
Effect of pH
The Pb2+ uptake by wet and dry biomass of Penicillium sp. 
was investigated under pH range of 2.0-6.0. An amount of 
0.1 g of dry or wet fungal biomass was added separately to 
100 mL of Pb2+ solution at initial concentration of 25 mg L-1. 
Triplicate mixtures were processed as above.
Batch isotherm study
Samples containing 1 g L-1 of wet or dry Penicillium sp. bio-
mass were shaken separately at 30 °C on a rotary shaker 
(150 rpm) with various lead ion solutions until the equilibrium 
was reached, which was determined through kinetic study 
(data not shown). Initial metal ions concentrations ranged 
from 25 to 200 mg L-1 and initial pH value was 5.5. Control 
containing no biomass was set up. Samples were then filte-
red and filtrate was measured for lead ion concentration. All 
the experiments were conducted in triplicate and the mean 
values were used in the analysis.
Residual lead ions determination
Concentration of Pb2+ ions in the filtrate was determined 
by atomic absorption spectrometer, SHIMADZU 6200. The 
quantity of lead ion adsorbed was calculated according to 
the following equation:
  
  (1)
Where q (Metal uptake, mg g-1) is the amount of metal ions 
adsorbed on the biosorbent, Ci is the initial concentration of 
lead ion in the solution (mg L-1), Cf is the residual concentra-
tion of lead ion in the solution (mg L-1), and B is the concen-
tration of added biosorbent on dry basis (g L-1).
Adsorption isotherms modelling
The experimental data were analyzed by Langmuir, Freun-
dlich and Langmuir-Freundlich equations, which are the most 
widely used isotherm models in biosorption for water and 
wastewater treatment process. The Langmuir model assu-
mes the form: 
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Where qe is the amount of metal ions adsorbed at equilibrium 
(mg g-1), Ce is the equilibrium concentration (mg L
-1), b is the 
equilibrium adsorption constant related to the affinity of bin-
ding sites (L mg-1), qm is the mass of adsorbed solute com-
pletely required to saturate a unit mass of adsorbent (mg g-1).
The Freundlich model is as follows:
   (3)
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Where k and n are the equilibrium constants indicative of ad-
sorption capacity and adsorption intensity respectively.
The Langmuir-Freundlich model presents the following equa-
tion(10): 
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Where m is the Langmuir-Freundlich parameter. Values for 
m>>1 indicate heterogeneous adsorbent, while values closer 
to or even 1.0 indicate a material with relatively homogenous 
binding sites. In this case the model is reduced to the Lang-
muir equation.
Parameters in Equations (2)-(4) were determined from expe-
rimental data using SigmaPlot v.10.0 (Systat Software, Inc., 
San José, CA, USA).
Transmission electron microscopy analysis
Wet biomass samples were used to determine the cellular lo-
cation of the accumulated lead. The samples were prepared 
by equilibrating the fungal biomass with a solution containing 
of 25 mg L-1 Pb2+ and collecting it by centrifuging at 380 x g 
for 10 min. The pellets recovered were then washed twice 
with Milli Q water and fixed with a mixture of 2% (v/v) gluta-
raldehyde and 1% formaldehyde in 0.05 M sodium cacodyla-
te (pH 7.4) for 4 h at 4 °C. Subsequently, the samples were 
washed three times in cacodylate buffer (0.1 M, pH 7.4) for 
10 min, dehydrated in a series of ethanol from 50% to 90% 
(10 min each) and in absolute ethanol three times (10 min 
each). The dehydrated samples were then infiltrated in a se-
ries of mixture of 100% ethanol (v/v) and Spurr resin (2:1, 1:1 
and 1:2, v/w respectively) for 1 h each. Embedding was then 
continued with a pure Spurr resin at 4 °C for 24 h. The resin 
was then polymerised in a pure Spurr resin at 60 °C for 48 h. 
Thin sections, cut with an ultra microtome, were mounted on 
nickel grids and stained with uranyl acetate. Samples were 
examined using a high resolution Philips CM 200 TEM equip-
ped with a microanalysis system that uses energy-dispersive 
X-ray (EDX) at an acceleration voltage of 200 KV. 
RESULTS AND DISCUSSION
Effect of pH
The effect of pH on Pb2+ uptake by the wet and dry biomass 
of Penicillium sp. is shown in Figure 1. In accordance to 
other reported results (see below) Pb2+ biosorption capacity 
is strongly pH sensitive and adsorption increased with the 
increase in pH. The greatest uptake capacity determined as 
24.08 (96.34%) and 23.77 (95.11%) mg g-1 was found at pH 
5.5 by wet and dry biomass, respectively. At pH bellow 3.0, 
uptake of lead was insignificant, probably due to competi-
tion of lead ions with protons H+ for the available biosorption 
sites(11). With an increase in pH, the negative charge density 
on the cell wall increases due to deprotonation of the metal 
binding sites which promote metal uptake. Consequently, pH 
5.5 was selected for subsequent experiments. 
The pH effect on biosorption of lead ions has been investiga-
ted for several microbial biomasses. The percentage uptake 
of lead ion by P. austurianum ranged from 75.57-94.21% and 
44.47-98.85% for live and dead biomass respectively across 
the optimized pH(12). The maximum Pb2+ biosorption value by 
A. flavus was found to be 13.46 mg g-1 at pH 5.0(13). Alimoha-
madi et al.(14) reported that optimum pH for Pb2+ biosorption 
by Rhizopus arrhizus was 5.0. 
The comparison of biosorption capacity of the two types of 
Penicillium sp. biomass used in this study shows that wet 
cells were more effective for the removal of lead from artificial 
aqueous solutions than dry ones. Similar result was found by 
Sintuprapa et al.(15) they reported that Zn2+ uptake by living 
cells of Penicillium sp. was more efficient biosorbent than wet 
biomass. 
Fig. 1. The effect of pH solution on Pb2+ biosorp-
tion on wet and dry Penicillium sp. biomass
(biomass concentration=1 g L-1, initial lead ion con-
centration=25 mg L-1, temperature=30 ºC,
agitation rate=150 rpm, contact time=24 h).
Effect of initial lead ions concentration
The biosorption of Pb2+ ions by wet and dry cells of Peni-
cillium sp. was investigated under several initial metal ions 
concentrations. The amount of adsorbed Pb2+ per mass unit 
increased with the increase in initial lead ions concentration 
(Fig. 2). The maximum lead uptake capacity of wet and dry 
cells was determined as 59.47 and 52.2 mg g-1 at 100 and 
200 mg L-1 initial Pb2+ ion concentration for dry and wet Peni-
cillium sp. biomass, respectively.  
Similar results were previously reported by Tantiwachwuttikul 
et al.(16), studying the mechanism of Ni tolerance by P. sim-
plicissimum. Parvathi et al.(17) observed an increase in lead 
uptake by Saccharomyces cerevisiae from 0.75 to 2.34 mg 
g-1 at lead concentrations of 25 and 100 mg L-1, respectively.
Fig. 2. Effect of initial metal ion concentra-
tion on the Pb2+ biosorption on wet and dry
Penicillium sp. biomass (biomass concentra-
tion=1 g L-1, agitation rate=150 rpm,
temperature=30 °C, pH=5.5, contact time=24 h).
Our results suggested that Pb2+ uptake by Penicillium sp. 
cells involves both passive and active uptake. At low metal 
ion concentration, lead ions are perfectly tolerable by the 
fungus and lead uptake occurs as a result of simple ion ex-
change between metal and functional groups present on cell 
wall surface of wet and dry cells. Whereas, at higher metal 
concentrations, the amount of metal ions sorbed more than 
at low metal concentrations, where more binding sites were 
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free for interaction. Moreover, the higher Pb2+ adsorption in 
living cells of Penicillium sp. was expected to contribute to 
intracellular uptake of Pb2+ occurring in metabolically active 
cells in combination with extracellular adsorption. 
Adsorption isotherms
Sorption isotherms represent the concentration dependent 
equilibrium distribution of metal ions between aqueous 
and solid phases. Figure 3 shows the Langmuir-Freundlich 
isotherm for Pb2+ biosorption on wet and dry cells of Peni-
cillium sp. at 30 ºC and pH 5.5. Equilibrium lead uptake in-
creased with increasing initial Pb2+ concentration up to 100 
and 200 mg L-1 for dry and wet biomass. The biosorption rate 
was fast within the first hour of contact with primary rapid 
uptake, and then slowly reached the equilibrium after 2 and 9 
h contact time with dry and wet cells, respectively (data not 
shown). 
Fig. 3. Langmuir-Freundlich isotherm for Pb2+ ion 
biosorption on wet (contact time=9 h) and
dry (contact time=2 h) Penicillium sp. Cells 
(pH=5.5, biomass concentration=1 g L-1,
temperature=30 °C, agitation rate=150 rpm).
Table 1 presents the results of Langmuir, Freundlich and 
Langmuir-Freundlich lead adsorption constants on Penici-
llium sp. It can be seen a good correlation between the va-
lues estimated by Langmuir-Freundlich model and the expe-
rimental results. The maximum value for the experimental qm 
was 59.47 and 53.10 mg lead per g dry biomass, respectively 
for wet and dry Penicillium sp. biomass. The value predicted 
by the Langmuir-Freundlich model was 60.76 and 52.09 mg 
g-1 for dry and wet biomass, respectively. This corresponds 
to very small percent differences that are corroborated by 
the high coefficient of correlation. The Freundlich and Lang-
muir isotherms did not fit the experimental data obtained by 
wet cells of Penicillium sp. as good as the Langmuir-Freun-
dlich model, while, lead adsorption data on dry Penicillium 
sp. followed both the Langmuir and Langmuir-Freundlich 
isotherms. 
The overall results indicate that the Langmuir-Freundlich 
isotherm best described the Pb2+ sorption isotherm data sin-
ce it presented high correlation coefficient (R2) of 0.99. This 
result is similar to those of other reports where the Langmuir-
Freundlich was the best suitable adsorption model for descri-
bing the biosorption of Cr6+ by dried R. arrhizus(10). 
The wet biomass of Penicillium sp. had a higher adsorption 
capacity for lead ions than the dry one. This might be ex-
plained by the mechanism of lead binding to Penicillium sp. 
which involves surface adsorption to functional groups fo-
llowed by a slower intracellular diffusion in living cells. Similar 
observations have been reported for other biomasses(18-19). 
A comparison of the maximum lead uptake capacity of Pe-
nicillium sp. with those of some other biosorbent reported in 
the literature is shown in Table 2. 
Table 2: Comparison of the maximum lead uptake capacity
Transmission electron microscopy
Transmission electron microscopy observations of Penici-
llium sp. cells exposed to lead solution allowed detection of 
electron dense accumulates as lead precipitates on the cell 
surface and cell wall, and as electron dense granules within 
the cell (Fig. 5). Whereas, no lead deposits were detected in 
Penicillium sp. no treated cells (Fig. 4).  For most of the cells, 
a dark and dense layer of electron dense precipitate on all 
or only part of the cell surface was detected, where in some 
ones no deposits were observed (Fig. 5A-D). The formation 
of this layer should be a detoxification mechanism used by 
the fungus against lead toxicity(20). Other authors(21) pointed 
out that some microorganisms deal with metal toxicity by 
developing mechanisms which convert the metal ions to in-
soluble metal complexes. These metal complexes form as 
precipitates external to the cytoplasm of the microorganism, 
rendering the metal harmless. Along with cell wall biosorp-
tion, an intracellular accumulation occurred in Penicillium sp. 
(Fig. 5B-D). In the cytoplasm, Pb deposits are either in the 
form of microgranules aggregated in ball or electron opaque 
granules. 
Microanalysis of these electron dense deposits (Fig. 6) indi-
cates the presence of high quantities of lead on the cell surfa-
ce and confirmed that the black particles detected within the 
cell were derived from lead. The EDX spectrum derived from 
these deposits indicated that they are composed of oxygen 
(O), carbon (C) and uranium (U). 
Table 1: Adsorption parameters calculated using the Langmuir, Freundlich and Langmuir-Freundlich isotherms.
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The presence of Si peak can be attributed to impurities 
from the culture medium and/or the glass material of the 
flasks in which the cells were grown. The nickel (Ni) peak 
originated from the electron microscopy grid used to sup-
port the specimen. On the other hand, the elemental analy-
sis of ultrathin section showed the absence of P peak. This 
is different than the results from many bacteria which could 
accumulate lead as a complex with phosphate(22). 
Our results suggested that the binding mechanism of lead 
to Penicillium sp. involves extracellular adsorption and in-
tracellular uptake. This result agrees well with work of Sun 
and Shao(20), who found that both intracellular bioaccumu-
lation and extracellular biosorption had contributed to the 
high resistance of Penicillium sp. Psf-2 to lead. Pb2+ ap-
pears to bind to material on the cell surface. Polysaccha-
rides or proteins are potential binding sites. The fixation 
of lead in the cell wall and in the periplasmic domain has 
been observed by other authors. Bhaskar and Bhosle(23) re-
ported that the adsorption outside cell wall is probably the 
binding of lead ions to EPS on the cell surface. Akhtar et 
al.(24) explored the mechanisms of metal binding to fungal 
biomass, they found that Penicillium fungus exhibit an ex-
change of calcium and magnesium for metal ion binding. 
The intracellular accumulation of lead indicates a diffusion 
of the cation into the cell. The cytoplasmic presence of 
lead in Penicillium sp. can be tentatively interpreted as 
consequence of the metal being transported into the cell. 
A number of studies have shown that various bacterial 
strains sequester lead intracellularly as precipitated lead 
compounds(15,22). 
Fig. 4. Transmission electron micrograph of thin sec-
tion of Penicillium sp. cells not exposed
to lead.
Fig. 5. Location of lead fixed by Penicillium sp. af-
ter 9 h in 25 mg/L-1 Pb2+ solution, pH=5.5.
A-D: Transmission electron micrograph of the 
thin section of the fungal cells. A: shows
intracellular accumulation of lead and surface ad-
sorption of lead to some part of cell wall. B:
shows intra and extracellular accumulation of lead in-
dicated by arrows 1 and 2, respectively.
C: detail of figure B. D: intracellular accumula-
tion of lead as opaque granules with surface
adsorption.
Fig. 6. Energy-dispersive X-ray spectroscopy. (A) 
Spectrum acquired from region indicated
by arrow 1 in Fig. 5B, showing the presence of 
lead on the surface of fungal cells. (B)
Spectrum acquired from region indicated by ar-
row 2 in Fig. 5C, showing an intracellular
accumulation of lead.
CONCLUSION
Penicillium sp. showed binding of Pb2+ in the cell wall sur-
face and within the cell as a mechanism of metal detoxi-
fication. The presence of lead deposits in the cytoplasm 
indicates that at least two mechanisms are involved in lead 
sorption by this fungus biomass. First lead was bound to 
the cell surface, and then an intracellular accumulation 
took place. The process was pH and metal ion concentra-
tion dependent. Maximum biosorption capacity determi-
ned as 60.76 and 52.09 mg g-1 was obtained at pH 5.5 for 
dry and wet biomass, respectively. Langmuir-Freundlich 
model fitted better the equilibrium data than the Langmuir 
and Freundlich isotherms. These results suggested that 
Penicillium sp. biomass can be considered as an alternati-
ve model for lead removal from contaminated water.
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